Abstract. In this paper, we try to analyses the current problem of traffic congestion in highway. Taking highways in New Jersey of the United States for example, the Queuing theory and Poisson distribution are used to assess the performance of the current toll plaza. The queuing theory is used to calculate the throughput. And the average number of waiting cars can be obtained based on the theory of Poisson distribution
Introduction
At most time, the highway in New Jersey has a large traffic, but the utilization of toll plaza badly obstructs the travel speed [1] . In order to determine the proportional weights of the corresponding factors in distributing the different types of tollbooths [4] .We try to do some studies on the research of the highway toll plaza.
Assessment of the current toll plaza
In order to assess the toll plaza's ability of accident prevention and throughput, we firstly consider that the proportion of human-staffed tollbooth and electronic tollbooth is 3:5. Considering the different types of vehicle, we identify that the proportion of car and truck is 39:11. In this way, the throughput and the average number of waiting vehicles can be calculated.
Analysis the throughput of the toll plaza through queuing theory
Before calculating the throughput, we need to know the traffic situation. In this way, the DHV should be calculated first.
DHV, also called traffic volume, it can be calculated from that
(1) Where AADT means annual average daily traffic, K means the ratio of the 30th hour traffic volume and AADT, under normal circumstances, it take the value of 0.12. D means the unbalanced distribution coefficient of the traffic volume direction, and its standard value is 0.6. Usually, AADA is calculated according to the projected value. According to the statistics of the related authority, the value of AADA is determined as 28900 pcu/d.
After the DHV is calculated, the average time of the following coming vehicle a can be solved from that
Where  means the service time when passing the tollbooth, according to the empirical statistic, its average value  can be determined as 14 seconds. Because of the large weight, longer length and weight charges of large vehicles, resulting in its service time longer than small cars. Usually, take small cars as the standard to calculate the maximum throughput of toll plaza. In this way, the number of the tollbooth can be designed. So we need to forecast the toll plaza in the large car service time relative to the conversion coefficient of small cars converted. The traffic volume after converted is viewed as the standard.
The time frequency distribution of different type of vehicle is different. In the field, related survey found that the conversion coefficient of service time for large cars is relative to small cars. Thus, we assume that the conversion coefficients are the same for different type of vehicles.
View the occupancy of different types of vehicles as Ri, we can obtain the In this way, the service time can be calculated from that
Where  means the service time when passing the tollbooth,  means the average value of  . According to the empirical statistic, its average value can be determined as 14 seconds.
Then, the traffic intensity  can be calculated from the queuing theory [2] that
The traffic intensity of the single tollbooth is  , and it can be got from that
After calculating the traffic intensity of the single tollbooth  , we assume that the average number of vehicles waiting for 1, through looking up the table, the value of  is set as 0.909, and then compared with the actual value and found that the actual maximum throughput T far exceeds the set maximum rated throughput. The service time  and the number of tollbooth B, the throughput of the toll plaza can be determined from that
Substitute the specific values, the value of traffic intensity of the single tollbooth  is 0.9882, and the value of throughput can be finally calculated that 2081 vehicles will come to the toll plaza per hour. However, the rated maximum throughput is 1914, so it cannot satisfy the large traffic volume.
Calculate the average number of waiting cars based on Poisson distribution
Queuing model is utilized to calculate the average number of waiting cars. The whole process of toll is composed of vehicle arriving rate, queuing system and service rate. The vehicle arriving rate is random. Most researches suggest that the arrival distribution of vehicles is subject to Poisson distribution [4] . So the process of vehicle arrival is a Poisson process. And the traffic intensity is subject to Poisson distribution, too. Thus, in a queuing system, the probability of the situation where there is no car passing the toll plaza is that
So the average waiting time w in queuing is that
Where  means the service time when passing the tollbooth, its value is determined as 13.678 seconds. Finally, the average number of the waiting cars for a single tollbooth q can be got from that 
Substitute the specific values, the value of the average number of the waiting cars for a single tollbooth q can be got that q=40.6. Far more than the q = 1 setting.
Gray Correlation Analysis for the correlation degree of each factor
From the analyse of the current toll plaza we can see that the barrier toll has badly affected the highway capacity. In order to come up with an improved design, we need to analyze the related factors and calculate the correlation degree using gray correlation analysis.
When constructing a toll plaza, the factors to consider are that throughput, accident rate, service time, the average waiting time for vehicles and cost. As for a completed toll plaza, the cost is no use to be considered, thus, we just analyze the remaining factors.
In the official website, we obtain the relative statistics for the corresponding factors of the toll plaza [5] . In order to reflect the system behavior characteristics, the reference sequence is introduced. It can be expressed from that
(10) In order to compare the how the different factors effect the system, the comparison sequence is introduced. And it can be expressed from that
(11) Because the data in each factor column of the system may be different in dimension, so it is difficult to compare or to obtain the correct conclusion. As a result, it is supposed to carry out the non-dimensional data processing when using gray correlation analysis. Through dividing with the reference value, the non-dimensional data processing can be carried out from that
Correlation coefficient can represent the strength of the association between two variables. It can be calculated from that
Where ρ means resolution factor, it satisfies that ρ>0. When ρ gets smaller, the resolution will get greater. In general, the interval of ρ is (0,1). To obtain the best resolution, the value of ρ is usually taken as 0.5.
The correlation coefficient is the value of the correlation degree between the comparison sequence and the reference sequence at each moment. When it is determined, the relevance ri between the two sequences can be got from that
After the correlation coefficient is calculated, we can compare similarity between the comparison sequence and the reference sequence through sorting by the value of correlation coefficient. Take an example, if r1>r2, the conclusion is that the reference sequence is more similar to the comparison sequence x2.
Conclusion
Through MATLAB software, we can see that the traffic volume and the number of tollbooth have the bigger correlation coefficient with the site rating, and the number of waiting cars and accident times have the smaller correlation coefficient. Both the traffic volume and the number of tollbooth can effectively affect the throughput. Furthermore, considering the outcome of the assessment, we have known that the barrier toll has badly affected the throughput. In this way, if we want to improve the site rating of a toll plaza, we need to put the throughput in the first place.
